1. Introduction {#sec1}
===============

Measuring human biological variables is not an easy task because of the complications inherent to the analytical variability of the technique as well as the complications inherent to the variability of the biological sample. Among the first, the sensitivity and the specificity are some of the most studied ones. Among the second, apart from the specific biological sample (blood, urine, saliva, *etc.*), there are at least two other variables that have been shown to affect the results.

First, circadian changes, the variations of the concentrations along the day in the biological measure. For example, melatonin, malondialdehyde and cortisol \[[@r1]-[@r3]\], among others, present day/night changes. Second, seasonality, the variation between seasons in the level of the biological variable. Melatonin \[[@r4]\], S100B protein \[[@r5]\] and malondialdehyde \[[@r6]\] are some molecules that show seasonal changes in their levels.

Free radicals (FRs) are compounds with unpaired electrons or an open shell configuration that may have positive, negative, or zero charge. Depending on the atom placed at its core, the radical can be described as oxygen, carbon, nitrogen or metal centered radical \[[@r7]\]. The unpaired electrons produce chemical species highly reactive.

The research about FRs is complex. FRs are difficult to measure directly due to their short half-lives. *In vivo* human research on FRs has mainly been focused on two different areas. First, the measurement of the oxidant/antioxidant system as individual enzymes activity, such as the superoxide dismutase (SOD), glutathione peroxidase (GPX) or catalase (CAT) \[[@r8]\]. Second, the measurement of the FRs consequences on biological systems such as lipid peroxidation products, such as the malondialdehyde (MDA) and 4-hydroxyalkenals (HAE) \[[@r9]\].

FRs have been investigated in several medical specialties such as psychiatry \[[@r10]\], cardiology \[[@r11]\] and neurology \[[@r12]\] among others.

Data on individual antioxidant enzymes activity as well as global measures of the antioxidant defense system (AODS) in psychiatry are controversial. Increased, decreased or no change of their levels have been reported \[[@r13]-[@r16]\]. Furthermore, to complicate the panorama, circadian rhythms of global measures of the AODS have been reported as a possible influence of the variability of the results \[[@r17], [@r18]\].

One global measure of the AODS is the serum concentration of the total antioxidant capacity (TAC). The field will get even more complicated, thus, there is no agreement with respect to the terminology applied to the measurements of global antioxidant measures. TAC (Total Antioxidant Capacity), TAA (Total Antioxidant Activity), TAOP (Total Antioxidant Power), TAS (Total Antioxidant Status) and TAR (Total Antioxidant Response) have been published and all are considered synonymous \[[@r19]\].

The information about circadian serum TAC concentrations is very scarce, higher nocturnal than diurnal levels \[[@r17]\] as well as higher diurnal than nocturnal levels \[[@r20]\] have been reported. As far as we know, there is no information about seasonal changes of TAC concentrations. The aims of this research consist in studying if serum TAC concentrations present summer/winter and day/night variations in healthy subjects.

2. Methods {#sec2}
==========

The sample of subjects was recruited by an email announcement through the electronic mail of the University of La Laguna (ULL), the University Hospital of the Canary Islands and by word of mouth among the investigators´ acquaintances. Exclusion criteria were: 1) pregnancy, 2) being physically or mentally ill, 3) taking drugs of abuse, 4) being on a vegetarian diet and 5) taking vitamin supplements or melatonin.

Healthiness of the volunteers was checked by carrying out a general hematological, biochemical and urine analysis in July and December. Mental healthiness was assessed informally by asking the subjects if they had received psychiatric treatment in the past or were receiving treatment at present or if any first-degree relative had received psychiatric treatment in the past or at present. Psychological treatment was considered as if the subjects were on psychiatric treatment.

The study was carried out in July and December during two consecutive week-ends in order to minimize the interference of the study with the subjects working life. The volunteers arrived at the School of Medicine and laid in bed from 08:00 to 09:00 h when the first blood sample was drawn. This blood sample was drawn after fasting all night. After the first blood extraction, the subjects had breakfast and they were free to go around the School of Medicine until 11:00 h. Then, they laid in bed until 12:00 h when the second blood sample was extracted. Subjects were free to go home until 23:00 h when they had to be back at the School of Medicine. During the blood sampling at 09:00 and 12:00 h the subjects remained awake with their eyes open. The third blood sample was drawn at 00:00 h after having been in bed for one hour. Subjects were instructed to have a light dinner not later than 20:00 h. Nocturnal artificial light has been reported to affect TAC levels \[[@r17]\]. The nocturnal blood extraction was carried out in a room illuminated with a 4 lux light intensity. In order to avoid light contamination, the eyes of each subject were covered with a black mask. The rationale to lay in bed one hour before blood extraction was to allow the subjects to relax in order to minimize the psychological and physical stress they may have had \[[@r20]\]. The same routine was followed in December. All blood samples were extracted by venipuncture.

After each blood extraction, blood was placed in vacutainer tubes without anticoagulant. The blood clot at room temperature during 15 minutes and was then centrifuged at 3000 rpm during 10 minutes. Serum samples were aliquot in Eppendorf tubes and kept frozen at - 70º C until analysis. To minimize the assay variation, all serum samples were analyzed the same day with the same laboratory batch and by the same analyst. The analyst was blind with respect to the samples pertaining to summer/winter or the time of the day when samples were extracted.

Serum TAC was measured by the ABTS radical cation \[[@r21]\], with commercially available kits (Antioxidant Assay kit, SIGMA, Madrid, Spain). The principle of the antioxidant assay is based on the formation of a ferryl myoglobin radical from methamyoglobin and the hydrogen peroxide, which oxidizes the ABTS (2,2´-azino-bis \[[@r3]-ethylbenzthiazoline-6-sulfonic acid\]) to produce a radical cation, ABTS∙+, a soluble chromogen that is green color. This can be determined spectrophotometrically at 415 nm in a microplate spectrophotometer reader (Benchmark Plus, Bio-Rad, Hercules, CA, USA). Antioxidant compounds suppress the production of the radical cation in a concentration dependent manner and the color intensity decreases proportionally. Trolox (6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid), a water soluble vitamin E analog, serves as a standard \[[@r21]\]. The intra- and inter-assay coefficients of variation (CV) were 6.96% and 9.13%, respectively. The results are expressed as mmol of Trolox/L.

Data were analyzed using the 21^st^ version of the SPSS statistical package (SPSS, Chicago, Illinois, USA). Day/night (09:00 h, 12:00 and 00:00 h) and summer/winter serum TAC differences were analyzed by means of an ANOVA. If the ANOVA resulted significant, the multiple-comparison of Bonferroni´s correction was performed. T-tests were applied to compare two quantitative variables. Pearson correlations were applied to study the relationships between quantitative variables while the chi-square statistics were applied to study the association between qualitative variables. All statistical tests were two-tailed. Statistical significance level was set at 0.05. Quantitative data are presented as mean ± SD.

3. Results {#sec3}
==========

One hundred and one subjects, of whom three were excluded, comprised the initial summer sample. Thus, the final summer sample comprises 98 subjects. Of those 98 healthy subjects, 34 did not participate in winter. The final winter sample comprises 64 subjects. The seasonal demographic characteristics of the sample have been published elsewhere (Morera-Fumero *et al.*, 2013). Summarizing, the sample comprised of 48 men and 50 women in summer, 30 men and 34 women in winter. The mean age was 39.8 (s.d.: 9.8) and the mean BMI was 24.8 (s.d.: 3.8). There were no significant differences in gender distribution, and BMI between the summer/winter samples.

The summer ANCOVA model included TAC at 09:00, 12:00 and 00:00 h as intra-subject variables, gender as inter-subject factor and age, body mass index (BMI), number of salads, number of fish portions, meat portions and pieces of fruit per week acted as covariates. Table **[1](#T1){ref-type="table"}** shows the results of the ANCOVA. The only statistically significant variable was TAC by time of the day. None of the interactions was significant. The post-hoc Bonferroni's comparison of serum TAC concentration at 09:00, 12:00 and 00:00 h is presented in [Fig. (**[1](#F1){ref-type="fig"}**)](#F1){ref-type="fig"}. Morning TAC levels were significantly higher than midday and midnight levels. Midday TAC levels were significantly higher than midnight TAC levels.

Table **[2](#T2){ref-type="table"}** shows the result of the ANCOVA for the TAC winter levels. The model included the same variables as the summer model. TAC by time of the day was the only significant variable. None of the interactions was significant. [Fig. (**[2](#F2){ref-type="fig"}**)](#F2){ref-type="fig"} represents the post-hoc Bonferroni's comparison of serum TAC concentration at 09:00, 12:00 and 00:00 h. The morning TAC levels were significantly higher than midday and midnight TAC concentrations. There were no significant differences in serum TAC concentrations between midday and midnight.

The comparisons of summer/winter changes in serum TAC levels by time of the day are represented in [Fig. (**[3](#F3){ref-type="fig"}**)](#F3){ref-type="fig"}. Summer serum TAC concentrations were significantly higher than winter concentrations at 09:00, 12:00 and 00:00 h.

4. Discussion {#sec4}
=============

As far as we know, this is the first time that a summer/winter variation of TAC concentrations has been reported. The fact that healthy subjects present higher TAC levels in summer than winter at 09:00, 12:00 and 00:00 h has not been reported previously. In a preliminary report, we compared the summer and winter serum TAC levels at 12:00 and 00:00 hours \[[@r22]\]. There were no significant differences between summer and winter but the subjects had higher TAC levels in summer than winter. There is no other research on this topic to compare our results, though some speculative thoughts may be made. One of the main differences between summer and winter is the number of hours that a person may be exposed to sunlight. It is well known that humans have lower levels of melatonin (MLT) in summer (light is the main key inhibitor of MLT secretion) than winter \[[@r4]\]. Among the many functions of MLT, the antioxidant properties have been reported \[[@r23]\]. We could think that subjects in summer have lower MLT levels and a way of counteracting the effect of MLT could be by increasing TAC concentrations. On the other hand, in winter, because of the higher level of MLT, the antioxidant capacity of the subjects is more preserved and the levels of TAC are more reduced compared to summer.

With respect to the day/night difference in TAC concentrations, we have found that both in summer and winter, the subjects had significantly higher levels of TAC at 09:00 h than at midday and midnight, but only in summer the midday and midnight difference reached statistical significance. The available information about circadian TAC levels is very scarce. The paper of Benot *et al.* \[[@r17]\] reported significant higher serum TAC levels at 01:00 than those at 13:00, 19:00 and 07:00 h. Those results are opposite to our results. The authors suggested that the TAS rhythm was related to the MLT rhythm, so when MLT levels were high TAC levels were also high. A second paper published by our own research group \[[@r22]\] reported no significant differences in serum TAC levels between blood samples taken at 12:00 and 00:00 h. Although no significant differences were found in this research, a higher serum TAC levels in the morning sample than in the midnight sample were reported. A recent paper that studied day/night TAS changes in schizophrenia patients and in a control group of healthy subjects found that healthy subjects had significantly higher levels of TAC at 12:00 than 00:00 h \[[@r18]\].

Methodological differences may explain those discrepancies. First, our sample is bigger (N 09:00, 12:00 and 00:00 h. = 98 in summer and N 09:00, 12:00 and 00:00 h. = 64 in winter) than the sample of Benot *et al.* \[[@r17]\] (N 13:00, 19:00, 01:00 and 07:00 = 12). Second, our sample comprises the same subjects at each time-point of the day (paired design) while in the study of Benot *et al.* \[[@r17]\] the subjects at each time of the day were different ones (independent or unpaired design). Third, we kept subjects relaxed one hour before blood extraction. In the case of Benot *et al.* \[[@r17]\] this information has not been considered or reported in their paper. With respect to the second paper \[[@r22]\], the study was carried out on five male subjects, a very small sample of subjects. Despite that there were no significant differences between midday/midnight and summer/winter TAC concentrations, the samples presented a pattern without statistical significance. The control group of the third paper \[[@r18]\] comprised thirty healthy subjects that were studied at 12:00 and 00:00 h. The pattern of TAC levels (at 12:00 and 00:00 h) was the same as the pattern that we have found in this research.

The main limitations of our study are that we did not analyze biological markers of seasonality and circadian rhythms. Future research should include such markers, *e.g.*, cortisol, testosterone, MLT, *etc.* On the other hand, our results also have some strengths. First, the fact that the same group of subject was studied at three time-points the same day and in summer and winter, give consistency to our results. Second, our morning results (09:00) coincide quantitatively with the value for adults reported in the analytical technique developed to measure TAC by other authors \[[@r21]\].

conclusion
==========

In conclusion, our research reports two new important findings, the existence of a summer/winter difference in serum TAC concentrations and the day/night differences in serum TAC concentrations.

Methodological pitfalls, such as, quantitative changes in the variable along the day or along the year, may be committed when those differences are not taken into account when researching on this topic. Therefore, the inclusion of those differences in the research protocol is strongly advisable in designing a study. Future research on this field is guaranteed and the addition of biological markers of seasonality and circadian rhythms is strongly recommended.
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###### 

ANCOVA'S results of the summer TAC levels.

  **Origin**      **F**    **P**
  --------------- -------- -------
  TAC by time     14.214   0.001
  TAC by age      0.345    0.559
  TAC by meat     0.484    0.618
  TAC by salads   0.011    0.915
  TAC by fruits   0.023    0.880
  TAC by fish     0.973    0.327
  TAC by BMI      0.187    0.667
  TAC by gender   1.823    0.181

###### 

ANCOVA'S results of the winter TAC levels.

  **Origin**      **F**   **P**
  --------------- ------- -------
  TAC by time     4.858   0.036
  TAC by age      3.635   0.070
  TAC by meat     0.184   0.671
  TAC by salads   0.220   0.643
  TAC by fruits   3.017   0.093
  TAC by fish     0.118   0.734
  TAC by BMI      0.044   0.834
  TAC by gender   0.648   0.427
